Beach profiles fluctuate in response to storms and water level changes.
On the Great Lakes both storms and water levels undergo prominent seasonal fluctuations.
Superimposed on the seasonal fluctuations is a longer term variation in annual mean water level elevations.
When measured over a number of years the net longterm change in water levels exceeds the range of seasonal fluctuations.
The method described here for predicting long-term profile adjustments to changing lake levels is based on a conceptually sound, empirically verified model which includes allowances for regional variations in storm exposure, coastal geomorphology, and sediment texture.
II.
THE IDEALIZED MODEL
As described by Bruun (1962) , a rise in the mean elevation of the water surface tends to shift the equilibrium sand profile landward.
As water levels rise, erosion prevails on the upper beach, and the shoreline retreats.
Conceptually, the erosion supplies material to build the outer part of the responding profile upward.
Eventually, the initial profile shape is reestablished farther inland and, at a distance above its initial position, equal to the change in water level, z, as depicted in Figure 1 .
If there are no longshore losses the ultimate retreat of the profile x can be calculated given the dimensions of the responding profiles, X and Z, and a measure of the stability of the shore-eroded material, R^. zX(R^)^8ŵ here sg z = 1 if z > 0, and sg z = -1 if z < 0. Hands (1980) The change in water level elevation should persist at least long enough for equilibrium to be reestablished.
The time required to do so will depend on the magnitude of the water level change and on the occurrence of storms which provide the energy necessary for reshaping the shore.
To be consistent with the time frame in which other terms of the equation will be evaluated, the mean water level surface is expected to remain at its new elevation for more than 1 year.
The new water surface elevation may refer to expected changes resulting from proposed modification to the lake control plans, or it may refer to a past change in lake level which could have resulted from natural variations in the water supply, but whose effect remains to be determined. This term refers to the vertical relief of the active beach which extends from the closure depth offshore to the top of the affected deposits on the backshore.
The profile closure depth, beyond which the bottom does not respond to surface changes, depends on the local wave climate.
Estimates of closure depths, based on the relationship between published wave climates and repetitive profiling on Lake Michigan (Hands, 1980) , are tabulated in the Appendix for all five Great Lakes.
The average height of the affected backshore deposits above the initial water surface should be determined from field measurements at the particular site of application.
The sum of the closure depth (taken from the App. ) and the average backshore height (determined from field surveys) is an estimate of Z.
3.
Width of the Responding Profile, X .
The width of the responding profile refers to the horizontal distance between the landwardmost point of profile adjustment and the offshore closure depth.
The width along many shore-normal profiles in the region of interest should be measured and averaged to obtain a representative value (Fig. 1 ).
4.
Overfill Ratio,
R^.
The percent of eroded material by volume to be carried as suspended load beyond the closure depth should be estimated; additional erosion must compensate for the loss from the active profile.
Hobson (1977) explains how to compute R^, based on textural parameters of "native beach" and "borrow" materials.
The same procedures can be applied here except that the parameters for the borrow materials must be based on a composite sample of the eroding section of shore; i.e. , the upper beach, in the case of an increase in lake level, because this is the zone which supplies sediment to rebuild the profile (Fig. 1) . If lake levels decline, then erosion below the lever point supplies material to prograde the upper part of the profile (Fig. 1 ).
In this case, the lower profile (between lever and closure points) corresponds to the "borrow area."
In either case "native" characteristics must be based on a composite sample of the entire responding profile, from the upper limit of profile adjustment to the point of profile closure.
The lever point is useful in describing the sediment balance concept.
In practice it is an ill-defined transition zone separating areas of predominant • erosion and deposition. can be assigned a value of 1, provided that (a) there is less silt and clay in the beach and backshore than there is offshore, and (b) the mean grain size across the beach and backshore is greater than the mean size offshore.
A value of Ra = 1 indicates that all eroded material is expected to remain in the zone of profile adjustment; if only P percent remains, then R^= 100/P.
IV.
EXAMPLE PROBLEMS
The following problems are evaluated on the basis of limited available survey data.
They provide examples of the basic steps in applying the proposed method of profile prediction.
If these predictions were intended to support actual design or management decisions, a more careful evaluation of field conditions would be required. *************** EXAI4PLE PROBLEM 1*************** GIVEN : A contemplated change in the regulation plan controlling the water supply to Lake Ontario would raise the long-term surface elevation 0.3
The effect the higher stages would have at the eastern end of Lake Ontario.
ANALYSIS: The barrier beaches and high dunes which characterize this stretch of shore are of special ecological and scenic value. Situated downwind from the major storm paths across Lake Ontario these barrier beaches are exposed to the highest storm waves reported on the Great Lakes *************** EXAMPLE PROBLEM 2*************** GIVEN: Assume a new regulation plan is proposed to modify the inflow to Lake Michigan and Lake Huron via the St. Marys River.
If adopted, this plan would lower the long-term mean surface elevation of Lake Michigan and Lake Huron by 0.3 meter.
FIND:
The effect the lower water levels will have on shore erosion at Indiana Dunes National Seashore.
ANALYSIS : The dredged channel and navigation structures at Michigan City, updrift of the Indiana Dunes National Seashore, block some of the potential sediment input from the east. Westward longshore transport out of the dune area thus creates a sand deficit and contributes to a long-standing erosion problem in the park.
As lake levels fall, the shoreline withdraws and the beach widens.
Assuming lake currents and waves are not altered, they will tend to reestablish the previous profile shape at a lower and more lakeward position.
Longshore losses to the west continue to exceed the net supply from the east. If 15 percent of the offshore sediments were thought to be too fine to remain in the active shore zone, then the width of shore "saved" should be reduced to (1 -0.15) x -65 meters = -55 meters.
Note that a liberal estimate of future dune heights would also make the predicted savings in beach width more conservative. ************************************** V.
LIMITATIONS
The prediction scheme proposed here is based on a physically sound principle; its application has been shown to produce results in remarkably good agreement with actual measurements along a 50-k.ilometer reach of Lake Michigan's eastern shore.
The study area included a wide range of shore types though sand was always the predominant material, and the range of wave conditions within the study area was narrow relative to its potential range among other sites of application (Hands, 1980) . The model's simplicity should promote its widespread application.
However, this very simplicity when contrasted to the actual complexities of nearshore processes, should also underscore the need for careful consideration of each application.
Two broad areas of concern are (a) the interpretation of the results, and (b) the evaluation of the input values used in the prediction equation.
1.
Interpretation of Results.
Recall that the model attempts to evaluate only the profile change induced by the change in water level.
Other factors resulting in shore modification may be found in the Shore Protection Manual (U.S. Army, Corps of Engineers, Coastal Engineering Research Center, 1977) .
If the other factors are significant, the resulting net effect can be combined with the water level induced change (as in eq. 4 in Hands, 1980) . The key element in the proposed prediction scheme is the assumption that the profile will return to a specific shape after being disturbed by a change in water level.
It is fundamental, therefore, that the reasonableness of this assumption be fully considered in each application.
The proposed model does not apply, for example, to perched beaches, rocky shores, or beaches overlying nonerodible substrates that will be exposed during profile adjustment.
To clarify the development of the equation, the initial and final profile shape has been referred to as the eqwiUhvium pvofi,te.
However, the known profile used to evaluate Z and X need not be in strict equilibrium so long as it represents a relatively stable shape to which the profile evolves after perturbation.
It is not necessary for the profile to be stable before perturbation; e.g., the shore in example problem 2 was continually eroding, both before and after the lake level disturbance. 
Evaluation of Terms.
The actual values used to evaluate the equation must be based on an adequate number of representative measurements and samples taken along the entire reach of shore for which the prediction is desired.
Having carefully made these determinations, the engineer must then rely on the accuracy of the closure depth values given in the Appendix.
These published values are based on the assumption that the profile closure depth is proportional to storm wave heights at the site.
The proportionality constant has been estimated using hindcasted, deepwater storm wave data of Resio and Vincent (1976) and actual profile changes measured in Lake Michigan (Hands, 1980 Diagram for determining if a suspected error would weaken or strengthen arguments based on the sediment balance prediction.
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VI.
CONCLUSION
A method has been presented for predicting one aspect to the long-term evolution of sandy shores.
That aspect concerns displacement of the mean shore profile in response to long-term changes in water levels.
This prediction method worked well in one hindcast instance involving a period of principally rising water (Hands, 1980) . The degree of success found in future applications should be reported among Great Lakes engineers.
APPENDIX ESTIMATED DEPTH OF PROFILE CLOSURE
The height of the fence shown above is proportional to the inferred closure depths obtained by relating extreme deepwater wave statistics and the results of repetitive profiling on the eastern shore of Lake Michigan (Hands, 1980 
